Based on the local U(1) gauge slave-boson approach to the t-J Hamiltonian, we examine a possibility of hole pairing at finite temperature and hole doping rate. It is found that as a result of symmetry breaking d-wave holon pairing with finite gap can occur. In addition a holon-spinon supersymmetry condition at T = 0K is obtained based on spinon and holon excitations at a critical doping region between antiferromagnetic and superconducting phases.
In the above expression the last two terms were neglected in the previous work (Eq. (4) in [3] ). They are needed in order to properly describe the physics of hole pairing for the hole-doped cuprates of present interest. It is of note that the added term, 
where
Here
Hartree, Fock and Bogoliubov channels by equally weighting them. ρ b , χ b and ∆ b are the Hubbard-Stratonovich fields corresponding to the direct, exchange and pairing channels respectively. N is the total number of sites or the total number of electrons at half-filling.
We obtain the mean field Hamiltonian from Eqs.(2) and (3) by using the saddle point approximation,
Here the saddle-point(mean) values of interest are given by χ Following Ubbens and Lee [3] we now set for the order parameters in Eq. (4),
where the sign +(−) is along(against) the arrow(see Fig. 6 ),
where the sign +(−) is for the ij link parallel tox (ŷ). We allow uniform(site-independent) chemical potentials,
after the momentum space transformation of the mean field Hamiltonian H M F above, we obtain the following diagonalized Hamiltonian,
Here the quasi particle energies are given by
for the spinon and
for the holon, where
α ks (α † ks ) and β ks (β † ks ) are the annihilation(creation) operators of spinon quasiparticle and h ks (h † ks ), the annihilation(creation) operators of holon quasiparticle. ′ k denotes a sum over half of the Brillouin zone. In deriving the expression (7), fluctuations of holon hopping
which appears in the last term of Eq. (4) are neglected. Using the diagonalized Hamiltonian (7), we readily obtain the free energy,
It is of note that the neglect of δ, ∆ b and χ b and rescaling of all energies by (5) and (6) 
It is gratifying to find that the first expression Eq. = Nδ. In order to explore a possibility that this symmetry is spontaneously broken, we now examine the condition for
. As temperature increases, the second term in Eq. (18) To numerically confirm claims made above, we calculated . As the doping rate decreases, the critical temperature at which instability against d-wave holon pairing begins to develop is predicted to decrease. Such a lowering trend of the critical temperature is consistent with observations in the underdoped region [4] [5] . In Fig.6 the area above each curve for each chosen value of the hopping order parameter represents the region for ∂ 2 F ∂∆ b2 > 0 and the area below the curves, ∂ 2 F ∂∆ b2 < 0. We now pay attention to holon and spinon quasi-particle excitations based on the mean field Hamiltonian in Eq. (7),
for
ks is satisfied from Eqs. (8) and (9) when
It is, also, worthy of note that with the neglect of constant terms that appear in Eq. (7) the SUSY(supersymmetry) Hamiltonian in Eq. (19) is naturally obtained from the above supersymmetry conditions of Eqs. (20) through (22). Accordingly we are now able to define the supercharge operators,
which, in turn, satisfies the simple SUSY algebra
Particularly at T = 0 the SUSY condition of expressions (20) through (22) We are grateful to Tae-Hyoung Gimm and Choong-Seok Kim for stimulating discussions. 
